Pulmonary contusion (PC) is the most frequent blunt chest injury which could be used to identify patients at high-risk of clinical deterioration. We aimed to investigate the clinical correlation between PC volume and outcome in patients with blunt chest trauma (BCT).
Background
Blunt chest trauma (BCT) causing structural damage to the thoracic region is associated with substantial morbidity and mortality, especially in polytrauma patients [1] . Pulmonary contusion (PC) is the most frequent chest injury (25-80%) with significant mortality (10-20%) in severely injured patients [2, 3] . Therefore, patients who sustained significant blunt thoracic injuries are anticipated to have PC [4] . Motor vehicle crashes (MVCs) are the major cause of blunt thoracic trauma resulting in PC [5] . Crash parameters indicating higher severity are correlated well with the risk of developing PC [2] .
Plain chest radiograph is a conventional tool to detect PC, and is limited by the possibility of delayed appearance of the characteristic injury findings [6] . Also, it fails to diagnose, or underestimates, the size of the PC which misleads the actual clinical picture [7] . A recent meta-analysis suggested ultrasonography to be a better screening tool for the diagnosis of PC but with inaccurate quantification [3] . Computed tomography (CT) is the modality of choice to diagnose and quantify PC volume (CTCV) in chest trauma patients [8] . An earlier study demonstrated prognostic implications of a novel CT volume index score in polytrauma patients with PC [9] . It has been suggested that patients with CTCV scores >20% of total lung volume are at increased risk for developing pulmonary complications. Therefore, this score can be used for risk-stratification and early management in subsets of chest trauma patients identified to be at higher risk of these complications. Accurate measurement of contusion volume helps in predicting patients at increased risk of developing acute respiratory distress syndrome (ARDS) [10] . These findings argue for the clinical implications of contusion volume in identifying patients at increased risk of clinical deterioration. Therefore, we aimed to investigate the clinical correlation between PC volume and outcome in patients with BCT.
Material and Methods
It is a retrospective analysis of all BCT patients with PC identified from the trauma registry database at Hamad General Hospital, the only Level I trauma center in the state of Qatar between 2012 and 2014. Data included demographics, initial vitals, base deficit, serum lactate, chest abbreviated injury scale (AIS), chest tube insertion, intubation, long bone fracture, polytrauma, blood transfusion, affected lung(s), lung contusion volume, injury severity score (ISS), chest infection, acute respiratory distress syndrome (ARDS), ventilatory days, intensive care unit (ICU), and hospital length of stay (LOS) and mortality. The in-hospital outcomes measures included mechanical ventilation, duration of ICU and hospital length of stay, and complications (chest infection and/or ARDS and/or mortality).
CT volume was calculated based on the ratio of contused lung to the total lung volume, to measure the volume of lung contusion. The detection and quantification of PC was based on CT scan evaluation performed by a consultant radiologist. Trauma patients with suspected thoracic and abdominal injury were scanned using a Siemens Somatom 64-slice CT scanner (Siemens Health Services, Erlangen, Germany) after administration of intravenous contrast. Images were evaluated in soft tissue, lung, and bone windows for assessment of injury. Pulmonary contusions appeared as areas of lung consolidation. Three-dimensional volumetric analysis of the data was performed on the workstation (Figure 1 ). The total lung volume and volume of each contusion was calculated. The total volume of lung contusions in both lungs was then calculated 
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and expressed as a percentage of the lung volume. Moreover, chest x-ray was performed according to ATLS algorithm for management of trauma patients. Blood transfusion was performed in hemodynamically unstable patients as per the discretion of the treating physician. It was considered an indication of hemorrhagic shock, if an unstable patient did not respond to the initial two liters of normal saline.
Polytrauma was defined as ISS of greater than 15 points, AIS score of three or greater in at least two body regions and at least one of five standardized pathologic conditions: hypotension (systolic blood pressure £90 mm Hg), unconsciousness (GCS score £8), acidosis (BE £-6.0), coagulopathy (PTT ³40 seconds or INR ³1.4), and age (³70 years) [11] .
Pulmonary complications were defined as the development of respiratory tract infection, empyema, or ARDS. The diagnosis of chest infection(pneumonia) was confirmed by positive culture of sputum and/or the combination of fever, leukocytosis and a suspected infiltrate on chest x-ray. ARDS was defined according to the Berlin modification of the American European Consensus [12] which includes acute onset of known clinical insult (within one week), PaO2/FiO2 ratio of less than 300 mm Hg with with a minimum of 5cm H 2 O PEEP, bilateral opacities on chest radiograph, and respiratory failure not fully explained by heart failure or fluid overload.
Pulmonary or lung contusion is an entity involving injury to the alveolar capillaries, without any tear or cut in the lung tissue which results in collection of blood and other fluids within the pulmonary tissue [13] . A previous study showed a critical contusion volume (>20%) of total lung volume to be considered as the maximally sensitive and specific screening value for the development of complications [9] . Therefore, we categorized contusion volume into two groups as CTCV <20% and CTCV ³20%.
Patients with lung atelectasis were excluded from the study and no CT scan measure was taken into consideration. Atelectasis can be distinguished from lung contusion radiologically by CT scan [14, 15] . The ratio between the arterial, oxygenation pressure (PaO2) and the fraction of inspired oxygen (FiO2) were calculated to reflect the functional status on oxygenation (PaO2/ FiO2 ratio). In this calculation, the PaO2 was used from the first arterial blood sample obtained during initial evaluation in the resuscitation room. The FiO2 was determined depending on the intubation status. For intubated patients, a FiO2 of 1.0 was used, because of routine oxygenation with 100% O 2 in the emergency department. For non-intubated patients a FiO2 of 0.60 was used, because of routine oxygenation with a nonrebreathing mask, using 10 to 15 L O 2 per minute. This study was approved by the Medical Research Center (IRB# 13331/13) at Hamad Medical Corporation, Doha, Qatar.
Statistical analysis
The data were presented as proportions for categorical variables, and medians (range), or mean ± standard deviation (SD) for continuous variables. Correlations between CTCV score and outcomes were made using univariate and multivariate analysis to investigate whether CTCV score could predict outcomes in trauma patients. Univariate Pearson's correlation analysis was performed between continuous predictor variables (CTCV, age, ISS, and PaO2/FiO2 ratio) and continuous outcome variables (hospital LOS, ICU LOS, and ventilator days). The correlation between contusion volumes and pooled outcomes (chest infection, ARDS and/or mortality) were analyzed using side-byside box plots. Receiver operating curve (ROC) analysis was performed for contusion volume to predict in-hospital outcomes.
Differences between categorical variables (i.e., chest infection, ARDS, and mortality) among the two groups were analyzed using chi-square test. For continuous variables, Student t-test (i.e., hospital LOS, ICU LOS, and ventilator days) was used and nonparametric Mann-Whitney U test was performed for skewed variables. A two-tailed p value of <0.05 was considered significant.
A multiple linear regression analysis was performed for continuous in-hospital outcomes i.e., hospital LOS, ICU LOS, and ventilator days after adjusting for age, CTCV, PaO2/FiO2 ratio, chest AIS, chest infection, chest tube insertion, bilateral contusion, polytrauma, injury severity score (ISS) and ARDS. Another regression analysis was performed for the development of ARDS after adjusting for the potential confounders (age, PF ratio, chest AIS, chest infection, polytrauma, pulmonary contusion volume, bilateral contusion, and ISS). Data analysis was carried out using the Statistical Package for the Social Sciences version 18 (SPSS, Inc., Chicago, IL USA). Post hoc power analysis was conducted using the software package G*Power 3.0.10 for multiple regression analysis.
Results

Overall patients characteristics
Of the total 500 blunt chest trauma patients admitted to HGH, 226 (45.2%) were identified to have pulmonary contusion by thoracic CT scan (CTCV) with a mean age of 35.2±13.1 years and 93% of them were males ( 3644 cocci were identified in eight cases (six had Staphylococcus and two had Streptococcus).
In-hospital outcomes
ARDS developed in 28 (12.4%) patients and the mortality rate was 6.6% (15 patients) which mainly constituted head injury (13 cases) and multiorgan failure (2 cases). Table 2 demonstrates a univariate correlation analysis for in-hospital outcomes. With respect to CTCV, a significant positive correlation was observed with ISS whereas, CTCV had a negative correlations with PF ratio (r=-0.283, p=0.001) and age (-0.187, p=0.005).
Moreover, ISS, ventilatory days, ICU and hospital LOS showed significant negative correlation with PF ratio (p<0.05 for all). Mean ISS had significant positive correlation with ICU and hospital LOS (p=0.001).
The mean CTCV was highest in patients with severe PF ratio (15.6, range 1.9-59.5, p=0.001) as compared to moderate PF ratio (8. A multiple linear regression analysis was performed for continuous in-hospital outcomes i.e., hospital LOS, ICU LOS, and ventilator days after adjusting for age, CTCV, PaO2/FiO2 ratio, chest AIS, chest infection, polytrauma, ISS, and ARDS ( Lung contusion volume, chest infection, and ISS were predictors of the development of ARDS in another logistic regression analysis (Table 4) . 
Discussion
This is a unique study from the Arab Middle East region that focuses on the clinical correlation of PC measurement with the outcome in patients with BCT. The key finding of the present study is the positive correlation between CTCV, injury severity, and complications. This finding is consistent with an earlier study which observed that patients with higher CTCV were at an increased risk of short term complications [9] . PC secondary to BCT occurs frequently in polytrauma patients, which leads to adverse hospital outcomes [16] . Identification of high-risk patients for pulmonary complications in terms of pneumonia and ARDS after thoracic trauma is crucial for early risk-stratification, preventive measures and management. In this regard, early accurate quantification of PC has a clinical favorable implication in severe BCT [9, 16, 17] .
Wang et al. [16] demonstrated that the admission PaO2/FiO2 and CTCV could reflect the PC degree and overall injury severity. In our series, CTCV showed a negative correlation with Table 3 . Multiple regression analysis* for the predictors of in-hospital outcomes.
ISS -injury severity score; ARDS -acute respiratory distress syndrome; LOS -length of stay; R -multiple correlation coefficient; * A multiple linear regression was performed for continuous in-hospital outcomes i.e. hospital LOS, ICU LOS, and ventilator days after adjusting for age, CTCV, PaO2/FiO2 ratio, chest AIS, chest infection, chest tube insertion, bilateral contusion, polytrauma, ISS and ARDS.
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PaO2/FiO2 ratio. Based on these findings, lower PaO2/FiO2 ratio and higher CTCV percentage are proportional to the severity of injury. In addition, we observed a negative correlation of PaO2/FiO2 ratio with ISS, mechanical ventilation, and ICU stay which highlights the association of a lower PaO2/FiO2 ratio with a higher ISS and worse hospital outcomes.
In our study, 61.5% cases had bilateral contusion and the median CTCV was significantly higher in patients who developed hospital complications. CTCV alone was not an independent predictor of in-hospital outcomes. In contrast, an earlier study demonstrated a significant correlation of contusion volume with prolonged ICU stay on multivariate analysis [9] . These authors observed that the complications such as pneumonia and ARDS had a significant additive effect on the multivariate model. In our series, chest infection and injury severity score played a contributory role to increase hospital length of stay on the multivariate model. It has been suggested that in spite of advanced pulmonary management in ICU, PC is often associated with increased morbidity and morbidity due to associated polytrauma [13] .
We also identified chest infection, injury severity score, and polytrauma to be associated with ICU length of stay. These results indicated that appropriate management of trauma patients together with active measures to prevent pulmonary complications may have a significant impact in reducing ICU stays which result in better utilization of hospital resources [18] .
Only a few published studies have evaluated the association of CTCV and in-hospital outcomes in chest trauma patients. Miller et al. [10] reported that patients with CTCV >20% had four-fold higher rate of ARDS, suggesting that volumetric analysis of thoracic CT scans may allow identification of patients at high-risk for respiratory decompensation. Similarly, Strumwasser et al. [9] reported that the higher CTCV scores predicted prolonged ICU stay across all sizes of PC and also CTCV greater than 20% of total lung volume specifically identified patients at risk for developing complications. Consistent with these reports, our findings suggested that in addition to prolonged mechanical ventilation, patients who have CTCV >20% are at increased risk of developing ARDS. Moreover, PaO2/FiO2 ratios were lower in the severe contusion group. In addition, there was a significant increase in the frequency of ARDS at CTCV >20% which could be related to the degree of parenchymal disruption and subsequent shunt. With improvement in the understanding of the role of inflammatory mediators in PC, it has become clear that pulmonary dysfunction could be associated with cytokine release as well as mechanical damage to the lungs. This could explain in part the relationship between PC and ARDS, which has been well described. It could be speculated that the sharp increase in ARDS with CTCV >20% could be a function of cytokine release reaching a threshold level necessary to cause ARDS.
Hamrick et al. [19] found that the need for mechanical ventilation and duration of ventilator support correlated with the contusion volume >20% of total lung volume and could be used to identify high-risk patients required early ventilatory support for improved hospital outcomes. An earlier study by Tyburski et al. [20] quantified the PC and identified factors which were correlated with the size of PC. The authors observed that severe PC scoring (i.e., 10-18 scores) correlated with lower PaO2: FiO2 ratio, prolonged hospital length of stay, and higher ISS. In contrast, our study showed that contusion volume did not independently predict total hospital LOS, ICU LOS, or ventilator days suggesting that outcomes for polytrauma patients with BCT are multifactorial in nature. This could be explained by the fact that pulmonary contusion is an evolving lesion and initial measurements of CTCV only describes the disease at a single time point. Wang et al. [16] analyzed the implications of PC volume measurement with three-dimensional CT in the detection of ARDS at early stage. The authors identified PaO2/ FiO2 ratio and the percentage of CTCV to be the independent predictors of developing ARDS in patients with BCT. In our series, lung contusion volume, chest infection, and ISS were independently associated with the development of ARDS. In addition, PaO2/FiO2 ratio was not an independent predictor of ARDS development in our series.
Study limitations
A limitation of the present study was its retrospective nature. Furthermore, aspiration risk and pneumonia were not well defined in our records. Also, the measurement of pulmonary contusion might have introduced some subjectivity into the findings of our study. To overcome this variation, experienced radiologists were involved to identify the volume of pulmonary contusion from the thoracic CT imaging. Furthermore, we believe that the lack of atelectasis quantification might prevent distinguishing an effect of CTCV in intubated patient in our series, which is another limitation of our study. Post hoc power analysis showed a power=1; however, further prospective studies with larger sample size are needed to address the validity of CTCV in the patients care and to demonstrate a doseresponse curve for CTCV and adverse outcomes.
Conclusions
Pulmonary contusion is a common clinical entity in BCT with a significant risk of morbidity and mortality. Pulmonary contusion volume has a significant correlation with injury severity. Moreover, quantifying pulmonary contusion volumes could allow identification of patients at high-risk of ARDS development and CTCV >20% are more likely to be associated with prolonged mechanical ventilation. appropriate patients for the proven therapies. Accurate measurements of PC volume on admission by chest CT scan can lead to early intervention such as selective ventilatory support with lung protective strategies, chest physiotherapy, nasotracheal suction, and pain relief which may be important in prevention of pulmonary complications. However, contusion volume was not found to be independently associated with pooled in-hospital outcomes suggesting that outcomes of BCT are influenced by multiple factors.
